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Radio soures of the RC atalog produed in 19801985 at RATAN-600 radio telesope
based on a deep survey of a sky strip entered on the delination of the SS 433 soure are
optially identied in the region overlapping with FIRST and SDSS surveys (about 132
◦
).
The NVSS atalog was used as the referene atalog for rening the oordinates of the radio
soures. The morphology is found for about 75% of the objets of the sample and the ratio of
single, double and multiomponent radio soures is omputed based on FIRST radio maps.
The 74, 365, 1400, and 4850 MHz data of the VLSS, TXS, NVSS, FIRST, and GB6 atalogs
are used to analyze the shape of the spetra.
1. INTRODUCTION
The approahes toward the panhomati
study of extragalati soures inluding radio
soures based on statistial analysis of the prop-
erties of large samples produed using automated
proedures of data redution have beome in-
reasingly important in late 20early 21 entury.
Identiation of soures at radio frequenies is a
diult task beause of dierent angular resolu-
tions, oordinate auray, and limiting sensitiv-
ity of the radio atalogs ompared. The proe-
dure must also take into aount the ux density
variation of the soure at dierent frequenies.
However, surveys with high preision of oordi-
nate measurement (on the order of one arse)
suh as NVSS [1℄ and FIRST [2℄ have been sub-
jet to mass ross identiation with optial sur-
veys.
Thus, e.g., MMahon et al. [3℄ identied a to-
tal of 382892 radio soures of the FIRST sur-
vey (Slim
1.4 GHz
>1mJy) with the APM survey [4℄
within a 4150
◦
large region in the viinity of
North Galati Pole. To identify multiompo-
nent soures, the ross-identiation algorithm
employed allowed for an empirial relation be-
tween ux and separation between the ompo-
nents and assigned aordingly the probability of
assoiating the objets loated within the searh
region with a single radio soure. The adopted
maximum omponent separation of r < 120′′ im-
plied that about 8%, 3%, and about 1% of the
soures are double, triple, or onsist of four or
more omponents, respetively. With these re-
sults taken into aount, the total fration of
identiations down to the limiting magnitude
2of E=20.5m of the POSS-I survey [5℄ amounted
to about 24%.
Ivezic´ et al. [7℄ analyzed the radio and optial
properties of about 30000 FIRST radio soures
whose oordinates oinided with those of ERD
SDSS objets (r∗ ∼ 22.2m) [6℄. They automati-
ally ross identied the two atalogs with a ir-
ular searh region of radius 1.5′′ entered on the
position of the optial objet. The above au-
thors analyzed only point soures during the rst
pass. During the seond pass they seleted from
among the FIRST soures that were not identi-
ed with optial objets the pairs of neighboring
soures (with interpair separations r < 90′′) and
performed the seond ross identiation using
the position of the midpoint between the om-
ponents. Radio soures with more omplex mor-
phology (i.e., non-point soures) proved to make
up for less than 10% of the total number of ob-
jets of the FIRST atalog. The fration of op-
tially identied radio soures was found to be
about 27%.
In 19801985 a deep multifrequeny survey of
a 20′-wide sky strip entered on the delination of
SS433 (δ1950.0 = +4
◦54′) was performed with the
RATAN-600 radio telesope. The angular reso-
lution of the survey was equal to ∆α ∼ 1′ for
λ = 7.6 m (3.9GHz) [8, 9℄. The observational
data named Cold were used to produe the
RC atalog, whih inludes 1165 soures from
[10℄ and [11℄. The version of the atalog stored
in the CATS database [12℄, whih we used, on-
tains a total of 1209 objets.
The reent release of a number of radio
surveysnamely, VLSS [13, 14℄, TXS [15℄, and
GB6 [16℄whih overed the strip of the Cold
survey, made it possible to study the properties
of the soures of the RC atalog based on the
74MHz, 365MHz, 1.4GHz, and 4.85GHz data
of the surveys. To rene the oordinates for the
sample of the radio soures of the RC atalog and
obtain information on the morphology of radio
soures for the subsequent optial identiation
with the SDSS [17℄ survey, we seleted radio sur-
veys with high angular resolution and high oor-
dinate aurayNVSS and FIRST. We planned
to identify all soures of the RC atalog loated
within the area overlapping with the regions ov-
ered by the FIRST and SDSS surveys, namely,
the strip with the area of about 132
◦
loated
from α2000.0 = 8
h11m to α2000.0 = 16
h25m and
from δ2000.0 = +4
◦20′ to +5◦24′. No detailed
analyses of radio soures with ux densities from
S3.9GHz ∼ 11 mJy and higher have been per-
formed so far, and suh studied may be of ertain
interest, beause we imposed no additional on-
straints on morphologial type, spetral index, or
angular size.
The beam pattern of the RATAN-600 has a
knife-edge shape at the elevation of Cold sur-
vey observations, H = 51◦. The delination an-
gular resolution of the telesope in about three
times lower than the resolution in right asen-
sion [18, 19℄. The widely used ConeSearh [20℄
algorithm of automati atalog ross identia-
tion uses the same searh radius for both oordi-
3nates. The more sophistiated SPECFIND [21℄
algorithm, whih takes into aount the angu-
lar resolution of the atalogs ompared and spe-
tral features of the soures when identifying the
soures assumes that the beam pattern of the
telesope has idential resolution in both oor-
dinates and that oordinate errors are smaller
than the error of angular resolution. These al-
gorithms yield low perentage of oinidenes for
ross-mathing of the RC atalog and that is why
identiation was performed by visually inspet-
ing superposed optial and radio images and an-
alyzing the data from the atalogs and surveys
seleted for this work. The data for eah soure
were prepared automatially using a Perl sript
ode for the interfae of Aladin interative sky
atlas [22℄.
In this paper we desribe the tehnique of
identiation and report the results of iden-
tiation of the RC atalog with the VLSS,
TXS, NVSS, FIRST, and GB6 surveys. We use
the rened oordinates and morphology of radio
soures to perform optial identiation of the
sample and we plan to report the results in a sep-
arate paper. When operating with heterogeneous
data of atalogs and surveys we used virtual ob-
servatory software tools Aladin, Vizier [23℄ and
TOPCAT [24℄.
2. TECHNIQUE OF IDENTIFICATION
The auray of the denition of the oordi-
nates of the soures observed with RATAN-600
depends on their relative elevation ∆H with re-
spet to the enter of the beam pattern of the
telesope and on ux densities [19, 25℄. For our
sample the median errors of RC soure oordi-
nates as given in the version provided by CATS
data base are equal to 0.58
s
and 38.0′′ in right as-
ension and delination, respetively. For optial
identiation the error of the oordinates of the
radio soures must not be greater than 1 arse.
We rened the oordinates of the radio soures
using the NVSS and FIRST surveys. The angu-
lar resolution of the RC atalog in right asension
is lose to that of the NVSS survey and therefore
we rst analyzed the position of the soure in
the RC atalog with respet to NVSS. Due to its
high angular resolution the FIRST survey pro-
vides detailed information about the struture of
the soure, whih is required for optial identi-
ations, but makes it diult to identify the
objet at radio wavelengths.
For eah soure of our list we saved the results
of queries to the seleted data resoures in the Al-
adin stak. To visualize the mutual arrangement
of radio soures in the stak we overlaped the
isophotes of NVSS and FIRST images and indi-
ated the positions of the objets of the seleted
radio atalogs.
Below we list the onditions (in the order of
dereasing importane) that we took into a-
ount when identifying an RC soure with an
referene-atalog objet.
• Coordinate agreement in right asension
the separation between the RC radio
4soure and the orresponding objet of the
NVSS or FIRST atalog must satisfy the
inequality r < 3σ, where σ is the right-
asension error quoted in the RC.
• Coordinate agreement in delination
similar to the agreement in α2000.0: the
separation between the RC position and
the NVSS or FIRST position must not ex-
eed r < 3σ.
• Agreement between the ux density of the
objet as indiated in the atalog studied
and in the referene atalog. The ases
rase ertain doubts where the soure o-
ordinates in the two atalogs agree with
eah other, but the ux density does not
agree with the NVSS ux (we onvert ux
density assuming that the spetral index
of the soure is α ∼ 0.7, S(ν) ∼ ν−α).
• Presene of neighboring soures. If an RC
soure has two or more referene-atalog
soures loated within the beam pattern
of RATAN-600, suh soures blend to-
gether, making identiation ambiguous.
In these ases we assumed that the bright-
est soure provided the greatest ontribu-
tion and identied it with the RC objet
onsidered.
We also took into onsideration the possible ef-
fet on oordinate measurements and inferred
uxes due to bright objets loated at separa-
tions exeeding the size of the beam pattern. A
group of faint objets within the beam pattern
may have a similar eet.
To take this eet from the neighboring
soures into aount and resolve the ambiguities
in identiation, we use an atlas of the Cold
survey strip. The gures with areas with the
size of 15 minutes in right asension and 1◦30′ in
delination show the RC soures with the orre-
sponding error bars (3σ) as well as the positions
and ux densities of the radio soures from the
VLSS, NVSS, TXS, GB6, PMN, and a number
of other atalogs [28℄.
In the ases where the 3.9 GHz ux density
of a soure exeeds the 1.4 GHz one given in
the referene atalogadditional information is
required to onrm the inrease of ux density
toward higher frequenies. In these ases we
use both the atalog and the GB6 survey. The
atalog usually inludes objets with ux densi-
ties greater than 5σ of the signal-to-noise level.
Soures with ux densities at the 3σ4σ level,
whih are absent in the GB6 atalog, an be
found by visually inspeting the images of the
GB6 soures. This additional information was
of great assistane when we dealt with ases of
ambiguous identiation.
After examining the staks and atlas and om-
paring the data from seleted radio atalogs we
subdivide RC soures into three groups as fol-
lows:
• RCthe soure an be ondently iden-
tied not only with an objet in the NVSS
and a FIRST atalogs, but also with an
5objet in at least one of the following at-
alogs: VLSS, TXS, or GB6;
• rthe soure an be identied with an
objet of the NVSS and/or FIRST survey;
• Xthe soure ould not be unambigu-
ously identied with any objet from other
atalogs.
Of the 432 RC radio soures loated within
the region of intersetion with the SDSS and
FIRST surveys, we lassied 190 (44%), 130
(30%), 98 (23%), and 14 (3%) objets as be-
longing to the RC,r, X, and twin - objet
groups, respetively. The RC atalog ontains
objets marked as t (twin), whih means that
for the soure in question there are dierent vari-
ants of identiation to interpret the observed
sans in the meridian and azimuth and, onse-
quently, at least two variants of oordinates [10℄.
Hereafter we analyze 320 radio soures belonging
to the RC and r groups.
3. ANGULAR SIZES, THE NUMBER OF
COMPONENTS, AND STRUCTURE OF
THE SOURCES
For RC objets lassied as belonging to the
RC and r groups we found the angular sizes,
number of omponents, and morphologial stru-
ture aording to the data of the FIRST survey.
To ombine FIRST objets into a single soure
or, on the ontrary, to treat them as independent
soures, we analyze for eah RC radio soure on-
tour map drawn using the servie that onstruts
isophotes of radio images for the FIRST survey
without loss of angular resolution [29℄.
We estimate the angular sizes of RC soures
depending on their morphologial struture as in-
ferred from isophotes in the FIRST survey. We
set the angular sizes of single-omponent RC
soures equal to the major axis of the orrespond-
ing FIRST atalog soure. We use Aladin tools
to determine the angular sizes of multiompo-
nent soures as the angular distane between the
farthermost omponents.
Table 1 lists the angular sizes and the fra-
tions of single-omponent and multiomponent
soures. Our ounts inlude 318 of 320 soures
(two faint extended NVSS soures are absent in
the FIRST survey). Note that some of the single-
omponent soures an be resolved and have non-
point struture.
By the results of automati ross identia-
tion between FIRST and SDSS surveys Ivezi et
al. [7℄ found that 90% of all radio soures to on-
sist of a single omponent, whereas 10% of the
soures have several omponents. MMahon et
al. [3℄ report a similar result (about 12% fration
of multiomponent soures) aording to auto-
mati identiation of FIRST and APM surveys,
although Cress et al. [30℄ believe this fration to
be higher and estimate it at about 16/objets.
The authors of [30℄ assume that if the angu-
lar separation between the objets of the atalog
does not exeed 0.02◦, the orresponding objets
6Table 1. The fration of single-omponent and multiomponent soures and the angular sizes (the Largest
Angular Size or LAS) of 318 RC objets (aording to the data of the FIRST survey)
Number of omponents Fration of the sample Number of objets LASmedian
(%) (
′′
)
1 56 177 1.83
2 27 85 17.5
3 11 35 33.1
4 4 14 60
≥ 5 2 7 94
are omponents of the same soure. We found the
fration single-omponent soures in our sam-
ple to be 28% less than the estimate reported
by Cress et al. [30℄ and one and a half times
more than the estimates reported by MMahon
et al. [3℄ and Ivezi et al. [7℄. A omparison of the
number of objets in the FIRST atalog with the
number of real radio soures yields a ratio of 5:3
for our sample, i.e., there are three radio soures
for every ve objets.
Lawrene et al. [31℄ give the morphologial
lassiation of the radio soures of the MIT-
Green Bank (MG) survey based on 4885MHz
VLA maps with the angular resolution of 0.4′′
or 1.2′′, whih inludes 10 types, namely:
1) pointa point radio soure that annot be
resolved into omponents;
2) quasi-pointa radio soure dominated by
a point ore with inonspiuous struture;
3) diusea resolved soure with poorly dis-
ernible intensity peaks;
4) ore-jetan unresolved peak with an ex-
tension on one side or with a losely lo-
ated faint extended omponent;
5) ometarysimilar to a type 4 soure, but
with a resolvable peak;
6) doublea soure with two approximately
symmetri omponents of about the same
ux density;
7) triplea triple soure;
8) multiplefour or more well-dened peaks;
9) ore-doubleunlike type 7 soures, these
objets have a fainter ore and extended
omponents;
10) jettwo relatively symmetri jets, some-
times with a disernible ore and with no
other ompat regions.
We used for our lassiation the images of
the FIRST survey whose angular resolution of
5.4′′ is lose enough to that of the MG-VLA [31℄
survey and therefore we based our lassiation
7Table 2. Distribution of morphologial types of the 320 RC soures
Type Fration of the sample Number of objets LASmedian
(%) (′′)
C (ore) 39 125 1.42
CL (ore-lobe) 6 18 12.5
CJ (ore-jet) 8 24 7.28
D (double) 33 106 13.6
DC (ore-double) 6 19 49.8
DD (double-double) 1 4 60.3
T (triple) 6 20 34.9
M (multiple) 0.5 2 33.1
E (diuse) 0.5 2 
on the above shema somewhat modifying it in
order to reet the relation between the struture
of the radio soure and the position of the host
galaxy, whih shows up learly in many ases.
We identied the following morphologial types:
1) ore (C)a point radio soure, whih an-
not be resolved into omponents (this type
inludes the point and quasi-point types
of the lassiation above). The optial
objet oinides with the radio intensity
peak;
2) ore-jet (CJ)an unresolvable peak ex-
tending on one side or having a nearby
faint extended omponent (this type in-
ludes ore-jet and ometary types of the
lassiation above); the optial objet o-
inides with the maximum of radio inten-
sity peak;
3) ore-lobe (CL)a radio soure with a
ore and omponents whose brightness de-
reases toward the periphery (inludes the
jet type); the optial objet oinides with
the maximum of radio ux density;
4) double (D)a two-omponent radio
soure. The brightness of the ompo-
nents inreases toward the periphery of
the soure (FRII), the optial soure is
loated between the omponents. Double
soures inlude two more types:
• ore-double (DC)a two-omponent
soure with a faint ore, the optial
objet oinided with the ore;
• double-double (DD)a soure sim-
ilar to DC, but with the ompo-
nents exhibiting a well-dened dou-
ble struture, the optial objet is lo-
ated between the radio omponents;
5) triple (T)a triple soure. The entral
8omponent resembles a point soure and
the optial objet oinides with the en-
tral omponent;
6) multiple (M)a multiomponent soure
whose struture that does not math any
of the above ases; additional information
is required for optial identiation;
7) diuse or extended (E)an extended
soure (may be absent in FIRST, although
present in NVSS); additional information
is required for optial identiation.
Table 2 gives the distribution of morphologi-
al types of 320 RC radio soures and the median
angular size for eah group. Note that when as-
signing a ertain type to the soure we examined
NVSS and FIRST images and took into aount
the position of the likely andidate for identia-
tion.
Radio soures with asymmetri struture
the so-alled winged or X-shaped soures
onstitute a small and interesting population of
radio galaxies [32℄. In addition to the om-
mon pair of radio omponents, these objets
have a pair of low surfae brightness emitting
regions, whih form the wings or have an X-like
shape. This shape is believed to be a result of
plasma outow from hot-spot regions into the
inhomogeneous medium surrounding the radio
soure [33℄. Another explanation assoiates the
unusual struture of the soure with the fat that
low-brightness regions may be residual phenom-
ena of the rapid hange of the rotational orien-
tation of the system with a supermassive blak
hole (SMBH) and an aretion disk that ourred
beause of a reent merger of a double SMBH
[34℄. X-shaped soures are of interest as systems
assoiated with double blak holes [27℄ and re-
urrent phases of the ativity of the radio soure
in the host galaxy [35℄. We omputed the num-
ber of radio soures with a lose to winged or
X-shaped struture. Suh soures make up for
about 4% of all the soures onsidered.
There are groups onsisting of several soures
and there are pairs loated within 1-1.5 armin
of eah other. We found them to make up for
about 7% of all the ases. Figure 1 shows an in-
teresting example of a pair onsisting of a double
and a faint point radio soure identied with two
elliptial galaxies.
The results of the identiation of ra-
dio soures with the VLSS, TXS, NVSS,
FIRST, and GB6 surveys, the angular sizes,
morphology, and spetral indies an be
found in the eletroni table available at
http://www.sao.ru/hq/zhe/RCriResInn.html.
One an also nd there a desription of the
olumns and ontour maps of RC radio soures
based on images of the FIRST survey.
4. THE 744850MHZ SPECTRA OF RADIO
SOURCES
The ompleteness of the RC atalog in
the entral part of the Cold survey is lose
to unity for radio soures with ux densities
9Figure 1. RC J0815+0453. A group of two radio soures. Eah soure is identied with an elliptial
galaxy. The isophotes from the FIRST survey are superimposed on the orresponding r-lter image of the
SDSS survey.
S3.9GHz> 15mJy [25℄. This region inludes the
10′ wide delination strip entered on the delina-
tion of the SS 433 soure at the epoh of the sur-
vey. Figure 2 shows the distribution of the ux
densities of radio soures. The sharp derease
for faint soures starts at S3.9GHz< 1112mJy.
The atalog lists all objets with ux densities
S3.9GHz ≥ 30mJy in the 20
′
strip without exep-
tion. When omposing two ux limited samples
we took into aount the delination dierene
between SS 433 and the radio-soure oordinates
rened using NVSS and preessed for the epoh
of observations (15.04.1980), as well as the ux
density rened using the orreted ∆H and the
omputed diretional diagram of the telesope for
the elevation of H = 51◦. The rst omplete
sample inludes soures with elevation diered
from that of the enter of the diretional diagram
by no more than ∆H ≤ |5′| and with uxes equal
to or greater than S3.9GHz ≥11mJy (a total of
130 objets). The sample overs an area of about
21
◦
The seond sample onsists of the soures
with ∆H ≤ |10′| and S3.9GHz ≥ 30mJy (a total
of 117 objets overing an area of about 41
◦
).
The samples partly overlap, beause 47% of the
soures of the seond sample belong to the rst
sample. Hereafter for the sake of brevity we re-
fer to the rst and seond samples as 1S and 2S,
10
respetively.
We used the images of the GB6 survey to
estimate the 4.85GHz uxes for the soures
of the sample that were absent in the GB6
atalog. For this, we ompared the peak
intensities in the region of the radio soure
studied and of the neighboring soures listed
in the GB6 atalog. Note that for the GB6
atalog the 5σ detetion limit for radio soures
loated at δ ∼ +5◦ is about 28mJy in the
right-asension intervals 8h < α2000.0 < 12
h
and 14h40m < α2000.0 < 16
h30m and about
37mJy in the right-asension interval
12h < α2000.0 < 14
h40m [16℄. Out from the
130 soures of the 1S sample 51 soure was
identied with the GB6 atalog and for the
remaining 79 soures we give the ux density
estimates inferred from the images of the GB6
survey. For the 2S sample the orresponding
numbers are equal to 85 and 32, respetively.
We subdivided all soures into four groups in
aordane to their spetral index α1.4−4.85GHz
(see Table 3):
• inverse (I), α < −0.1;
• at (F), −0.1 ≤ α < 0.5;
• steep (S), 0.5 ≤ α < 1;
• ultrasteep (U), α ≥ 1.
The median ux density
of the soures is equal to
Smedian
3.9GHz
=26mJy and Smedian
3.9GHz
=57mJy for
the rst (1S) and seond (2S) samples, respe-
tively. A omparison of the spetral indies
of the radio soures shows that the number of
soures with inverse and at spetra slightly
inreases and that of the soures with steep and
ultrasteep spetra dereases (see Table 3 and
Fig. 3).
The soures with at and inverse spetra of
the 1S and 2S samples proved to be more om-
pat in terms of angular sizes (see Table 3) than
soures with steep and ultrasteep spetra.
For the 143 soures identied in three or
four atalogs (VLSS, TXS, NVSS, and GB6)
additional ux density information is available,
whih allows the behavior of their spetra to be
studied in the frequeny interval 744850 MHz.
We estimated the ux densities of objets with
no data given in the VLSS or GB6 atalog
by omparing the peak value in the region of
the radio soure with the peak values for the
neighboring soures listed in the orrespond-
ing atalogs. We set the ux densities of
the soures absent in the TXS atalog equal
to the 150-mJy sensitivity limit of the ata-
log. We then omputed the two-frequeny spe-
tral indies α74−365 MHz, α365 MHz−1.4 GHz, and
α1.4−4.85 GHz. We found the frations of soures
with inverse, at, steep, and ultrasteep spetral
indies α74−365 MHz proved to be equal to 10%,
38%, 46%, and 6%, respetively.The soures
of the rst group proved to be more ompat
(LASmedian = 1.02
′′
) than other soures.
In eah group we analyzed how the form of
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Figure 2. Distribution of the 3.9GHz ux densities of the RC atalog soures (soures brighter than
105mJy are not plotted). The number of soures dereases sharply at ux densities <12mJy.
Table 3. Distribution of the types of the spetra (of the spetral index α1.4−4.85 GHz) of the soures in the
1S (∆H ≤ |5′|; S3.9 GHz ≥11mJy) and 2S (∆H ≤ |10
′|; S3.9 GHz ≥30mJy) samples
Spetrum Sample Fration of the sample Nobj LASmedian S1.4 GHz S3.9 GHz S4.85 GHz αmedian
(%) (
′′
) (mJy) (mJy) (mJy)
I 1S 10 13 2.33 12.1 14 20 -0.32
2S 6 7 2.33 34.3 68 51 -0.32
F 1S 27 35 2.34 39.1 22 28 0.31
2S 22 26 2.27 74.2 45 46 0.25
S 1S 54 70 10.6 82.3 31 33 0.76
2S 56 65 10.26 146.5 57 59 0.76
U 1S 9 12 17.1 94.5 31 22 1.17
2S 16 19 17.1 146.1 69 39 1.12
the spetrum varies from low to higher frequen-
ies by tting the spetrum to a parabola using
the spg proedure of the standard FADPS redu-
tion system of the rst feeder of RATAN-600 [36℄.
We use symbols I, F, S, and U to denote the or-
responding regions of the spetrum as we pass
from one portion to another. We obtained the
following results (see Table 4):
1) Soures with α74−365 MHz<-0.1 have two
types of spetra: one group has a steep
spetrum at 1.4 GHz, whih beomes steep
(IFS) or ultrasteep (IFU) by 4.85 GHz,
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Figure 3. Distribution of spetral indies α1.4GHz−4.85GHz for soures from the entral part of the Cold
survey. The gray and blak histograms orrespond to the soures of the 1S (∆H ≤ |5′|; S3.9 GHz ≥11mJy)
and 2S (∆H ≤ |10′|; S3.9 GHz ≥30mJy) samples, respetively. The 1S sample, whih inludes soures with
smaller 3.9 GHz ux densities ompared to the 2S sample ontains more at and inverse spetra than the 2S
sample.
and the seond group has ultrasteep spe-
tra at 1.4 GHz.
2) Soures with at spetra an be subdi-
vided into the following three groups:
• The spetra of most of the soures (29% of
all soures) beome steeper with inreasing
frequeny (FS, FU);
• A small number of soures maintain at
spetrum in the frequeny interval onsid-
ered (F) or beome inverse at high frequen-
ies (FI);
• The third group inludes soures with
spetra α365 MHz−1.4 GHz>0.5, and atten
out by 4.85 GHz (FSF).
3) Soures with steep spetra an also subdi-
vided into three groups:
• Most of the soures (34%) have steep
spetra whose spetral indies remain un-
hanged (α > 0.5) as one passes from one
spetral interval to another. We t S SU
to a parabola. At high frequenies the
spetra of SU soures beome ultrasteep
and those of S soures remain steep);
• A small number of soures with attened
or inverse spetra at 4.85 GHz (SF3.5%,
SI1.5%);
• The third grouptransition from a steep
to a at spetrum, and then bak to a steep
spetrum (SFS).
4) The small group of soures with ultra-
steep spetra in the frequeny interval 74
13
365 MHz an be subdivided into the fol-
lowing two sub groups:
• one of the subgroups maintains its steep
spetrum at higher frequenies, but its
slope is smaller than the initial slope (US);
• the spetra of the objets of the seond
subgroup beomes at (UF) or even in-
verse (UFI).
5. CONCLUSIONS
We ross identied 432 radio soures of the
RC atalog loated within the region of inter-
setion of the SDSS and FIRST surveys of the
FIRST, NVSS, TXS, VLSS, and GB6 atalogs.
In our statistial study and optial identiations
we use the soures (about 75% of all soures)
identied with the NVSS and/or FIRST ata-
logs. Most of the remaining RC objets (about
25% of all soures) are either false or blends of
two or more real objets whose individual prop-
erties are diult to determine from observations
of the Cold survey.
We use the data of the FIRST survey to om-
pute the number of omponents (entries of the
FIRST atalog) for the soures studied. We
found that single-omponent soures and soures
with two or more omponents aount for about
56% and more than 44% of the entire sample,
respetively.
This result is inonsistent with the results
of automati ross identiation between the
FIRST survey on the one hand and SDSS and
APM surveys on the other hand [3, 7℄, and the es-
timate (84%) of the fration of single-omponent
soures in the FIRST survey as reported by Cress
et al. [30℄ due to brighter ux density sample.
The fration of radio soures that are diult to
automatially identify is about 15% for a high
angular resolution survey (suh as FIRST).
The ompleteness of the RC atalog is lose
to unity in the entral part of the Cold for radio
soures with ux densities S3.9GHz > 15 mJy,
and dereases toward the strip boundaries [25℄.
That is why to ompare the parameters of radio
soures, two omplete samples in the entral part
of the survey are onsidered. The rst sample
inludes the soures with elevation deviates from
the diretional diagram of the telesope by less
than ∆H ≤ |5′| and with ux densities that are
greater than or equal to S3.9GHz ≥ 11 mJy. The
sample overs an area of about 21
◦
. The se-
ond sample inludes the soures with ∆H ≤ |10′|
and S3.9GHz > 29 mJy (the total area is equal
to about 41
◦
). The rst (1S) and seond (2S)
samples ontain a total of 130 and 117 objets,
respetively. The two samples partially overlap.
We omputed the spetral index α1.4−4.85GHz
for all soures in both samples and then sub-
divided these soures into the following four
groups:
• inverse (I), α < −0.1;
• at (F), 0.1 ≤ α < 0.5;
• steep (S), 0.5 ≤ α < 1;
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Table 4. Variation of the spetral indies α74−365 MHz, α365 MHz−1.4 GHz , and α1.4−4.85 GHz for 143 RC soures
aording to the data of the VLSS, TXS, NVSS, and GB6 surveys
α74−365 MHz Form of the spetrum Fration in the sample Number of objets LASmedian
(%) (
′′
)
I IFS 3 4 0.91
15 (10%) IFU 2 3 1.35
IU 5 8 1.02
F 4 6 11.0
F FS 15 22 5.25
55 (38%) FU 14 20 7.02
FI 1.5 2 1.40
FSF 3.5 5 4.83
S 11 15 13.6
S S 13 19 20.9
65 (46%) SU 10 14 14.0
SF 3.5 5 4.57
SI 1.5 2 5.9
SFS 7 10 51.6
U US 2 3 53.0
8 (6%) UF 3 4 16.5
UFI 1 1 0.76
• ultrasteep (U), α ≥ 1.
A omparison of the two samples, with one of
them being deeper than the other in ux density
terms, shows that the number of soures with in-
verse and at spetra in the frequeny interval
1.44.85GHz slightly inreases with dereasing
ux density, i.e., the fration of suh soures is
equal to 37% and 28% in the rst and seond
samples, respetively. The number of soures
with steep and ultrasteep spetra inreasesthe
fration of suh soures is equal to 63% and 72%
in the 1S and 2S samples, respetively. The dis-
tribution of the spetral indies α1.4−4.85GHz of
the soures in the 2S sample is shifted toward
steeper indies with respet to the orrespond-
ing distribution for the 1S sample.
Soures with at and inverse spetra in the
1S and 2S samples proved to be more ompat in
terms of angular sizes ompared to soures with
steep and ultrasteep spetra.
For soures identied in the VLSS, TXS,
NVSS, and GB6 atalogs additional ux den-
sity information is available allowing the behav-
ior of their radio spetra to be ompared in the
15
frequeny interval 744850MHz. We omputed
the two-frequeny spetral indies α74−365 MHz,
α365 MHz−1.4 GHz, and α1.4−4.85 GHz and tted
the spetra to a paraboli funtion. We ould
identify eight groups of spetra and found the
spetra of most of the soures (about 60%) to
be at or steep ones in the frequeny interval
74365 MHz and to remain or beome steep at
high frequenies. About 10% of the soures have
S-shaped spetra (the frations of FSF and SFS
objets are equal to about 3% and 7%, respe-
tively). There are few (less than 3%) soures
with a transition from a at to a steep or inverse
spetrum. Radio soures with inverse spetrum
in one of the portions of the frequeny interval
onsidered proved to be ompat in terms of an-
gular size.
We paid speial attention to the morpholog-
ial lassiation of radio soures from the sub-
sequent optial identiation point of view. We
lassify radio soures in aordane with a mor-
phologial sheme based on the omparison of the
struture of the radio soure and the position of
the optial objet. We lassied 39% of the ob-
jets as belonging to the point type (C ore); 40%
of the soures as double soures (Ddouble-lobe,
DCdouble-ore-lobe, DDdouble-double), and
about 20% of all objets as triple, multiompo-
nent, and other types of soures.
For the RC radio soures identied with
SDSS, USNO, and 2MASS atalogs we found op-
tial identiations, whih we will report in a sep-
arate paper.
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